Introduction 54
Floods are one of the most hazardous and common disasters in urban areas and can cause enormous Rainfall inputs are calculated from the regional storm intensify formula (SIF) using historical 169 climatic statistics (Zhang and Guan, 2012) , as shown in Equation 1.
where q is the rainfall intensity; A, b, c and D are constants to describe the regional parameters of 171 design flow. P and t are the design return period and duration of storm, respectively. For this region,
172
A, b, c and D equal to 635, 0, 0.61 and 0.841, respectively.
173
The Chicago Design Storms (CDS) approach is then employed to estimate synthetic rainfall 174 hyetographs for a number of prescribed return periods, based on the parameters of the derived SIF 175 (Zhang et al., 2008) . In this study, there are in total 10 return periods of interest, i.e. the 1, 2, 3, 10, 176 20, 50, 100, 200, 500 and 1000-year events. The projected changes in precipitation intensity at 177 various return periods are calculated based on the climate projection for each GCM-RCP 178 combination ( Table 1) Olsen et al., 2015) , is established to reflect the changes in flood consequence as a 187 function of return period. Generally, more intense rainfall inputs will induce higher TFVs.
188
Similarly, for flood risk description, the TFV is further linked to the occurrence probability of the 189 event ( Figure 2 ), which is used to demonstrate the relative contributions of individual return 190 periods to total flood risks. Therefore, it is not surprising that the larger events, associated with 191 higher flood damage may contribute less to the total flood risk/annual damage given their low 192 probabilities of occurrence. It is expected that climate change will increase the magnitude of is to increase the permeable surfaces (e.g. green spaces) and reduce the regional imperviousness.
210
This scenario is referred as to the Low Impact Development (LID) scenario that aims to explore 211 the potential of decentralized and green measures, such as permeable pavements, infiltration 212 trenches, and green roofs. Using the geographical information system (GIS), we select sub-213 catchments that are amendable for LID adaptation based on the difference between the current and 214 planned land use types. Specifically, the weighted mean imperviousness (WMI) is calculated for 215 each sub-catchment polygons in the two maps, using the commonly applied impervious factors 216 (Pazwash, 2011; Butler and Davies, 2004) for each type of land use. As shown in Figure 1d , a 217 positive change in the WMI indicates that the area is expected to experience decreased regional 218 mean imperviousness in designed adaptation scenarios, and vice versa. The effects of the two proposed adaptation scenarios in drainage systems were then examined for 253 the 10 rainfall events. Figure 5 shows the spatial location of overloaded pipelines (red colour) with gradually with the increase of rainfall intensity (i.e. larger return periods). Importantly, the two 294 proposed adaptation strategies are found to be more effective in reducing urban floods than the 295 global mitigation of GHG emissions for the study region. In most cases, the benefits of adaptation 296 more than double the level that can be achieved by mitigation. In extreme cases, the reduction in 297 urban flood risks through adapting the drainage system is found to be five times more than that The drainage model itself is also subject to uncertainties associated with the representation of 
Summary and Conclusions

346
In recent year, more and more studies on the improvement/adaptation of existing drainage systems their effectiveness to that of GHG mitigation. We found that the designed adaptation scenarios are 367 much more effective in reducing future flood risks, through which the achieved risk reduction is 368 more than double the level that can be achieved through the mitigation scenario. In addition, it is 369 found that implementing LID measures in the local context to augment adaptations in the pipe can 370 be more effective in reducing flood risks from the hydrological point of view.
371
We acknowledge that findings from this case study are subjected to limitations associated with 372 climate scenarios, drainage model, and the region of interest. However, this study can provide 373 insights on urban flood managements for similar urban areas in China, many of which are still 374 equipped with highly insufficient drainage capacities. The existing drainage service level is 375 generally below or merely at return period of one to two years in many cities, therefore needs to 376 be extensively upgraded to handle the potential impacts in response to non-stationary precipitation 
